Background. End-stage renal disease is known to disrupt the cell-mediated immune response that is responsible for the killing of intracellular organisms such as Mycobacterium tuberculosis. Risk factors that contribute to the development of tuberculosis (TB) disease in the US dialysis population have not been studied on a large scale. Methods. A retrospective cohort study of TB disease in 272 024 patients in the US Renal Data System initiated on dialysis therapy between 1 April 1995 and 31 December 1999 with Medicare or Medicaid as primary payer were analysed. A total of 21 risk factors were analysed. Results. Among the US population studied, there is a 1.2 and 1.6% cumulative incidence of TB in patients undergoing either peritoneal or haemodialysis, respectively. Ten risk factors for TB that proved to be statistically significant included advanced age (P < 0.001), unemployment (P < 0.001), Medicaid insurance (P < 0.001), reduced body mass index (P < 0.001), decreased serum albumin (P < 0.001), haemodialysis (P ¼ 0.019), both Asian (P ¼ 0.010) and Native American (P ¼ 0.020) race, ischaemic heart disease (P ¼ 0.032), smoking (P ¼ 0.010), illicit drug use (P ¼ 0.018) and anaemia (P ¼ 0.028). TB was independently associated with increased mortality, adjusted hazard ratio (AHR) 1.42 (95% CI 1.18-1.70, P < 0.001).
Introduction
The most recent estimate of the incidence of Mycobacterium tuberculosis infection in North America and Western Europe is <10/100 000 persons in the general population, and the prevalence <20/100 000 persons [1] . A report from the Centers for Disease Control and Prevention reported rates of tuberculosis (TB) per 100 000 by race in 1999 were: non-Hispanic White 2.2, non-Hispanic Black 16.8, American Indian/Alaska Native 11.8, Hispanic 12.4 and Asian 35.3 [2] . Worldwide rates are higher primarily due to the endemic rates of TB. Dialysis patients are at an increased risk for TB worldwide with a recent summary article documenting a 6.9-52.5-fold increased risk [3] . For the US population, reporting has been spurious with the last major report in 1980 involving 172 patients on haemodialysis. Prevalence of 5.8% over 10 years was reported [4] . Prior to that report, estimates from 1974 to 1980 ranged from 3 to 10% [5] [6] [7] . The true prevalence of latent TB infection (LTBI), detected through the use of the purified protein derivative skin test prior to the start of dialysis, has never been known, likely due to anergy among the dialysis population [8] . End-stage renal disease (ESRD) and particularly uraemia is a known contributor to immunosuppression [9, 10] . The causative factors of the immunosuppression are complex and disrupt the cellmediated immune (CMI) response [11] . T-cells are primarily responsible for CMI and their functions include identification and killing of intracellular pathogens such as M. tuberculosis. It is the delayed type hypersensitivity response of the CMI system that is responsible for the reaction to the tuberculin skin test.
*The data reported here have been supplied by the United States Renal Data System (USRDS). The interpretation and reporting of these data are the responsibility of the author(s) and in no way should be seen as an official policy or interpretation of the US government.
Therefore, while new methods for determining infection with TB are developed, identifying risk factors for TB among this population may aid in developing appropriate counselling and more targeted screening.
Many risk factors have been identified and evaluated independently in their contribution to TB infection in other disease populations in the US. The US dialysis population has not been studied for risk factors contributing to TB on a national level. Among US renal transplant patients, only systemic lupus erythematosus as the cause of renal failure has been independently associated with TB [12] .
Subjects and methods
A national registry [the US Renal Data System (USRDS) database] was analysed in an historical cohort study of the rate, risk factors and mortality associated with TB infection in ESRD patients on dialysis therapy. The variables included in the USRDS standard analysis files (SAFs), as well as data collection methods and validation studies, are listed at the USRDS website, under 'Researcher's Guide to the USRDS Database', Section E, 'Contents of all the SAFs' (Standard Analysis Files), and published in the USRDS (www.usrds.org). The demographics of the dialysis population have been previously described (2002 USRDS report). The files SAF.PATIENTS were used as the primary data set, including cause of renal disease (PDIS) and cause and date of patient death. SAF.MEDEVID was used for additional information coded in the medical evidence form starting in 1995, and has been validated for use in research [13] . Therefore, patients who presented with ESRD on or after 1 April 1995 until 31 December 1999 were selected for the study and followed through 31 December 2000. Study eligibility was restricted to patients with evidence of Medicare or Medicaid as primary payer as indicated from the PAYHIST file.
Outcomes
Outcomes included Medicare claims for TB, both in-patient and out-patient. Other outcomes included death from any cause. Time to Medicare claims for TB were defined as the time from the first dialysis session until the date of Medicare Claim for TB, with patients censored for death or the end of the study period (31 December 2000), whichever came first. Time to death was defined as time after the date of first dialysis until death, censored for the end of the study period, in this case considered 30 September 2001.
All analyses were performed using SPSS 13.0 TM (SPSS, Inc., Chicago, IL) and Stata SE 9.0 (Stata Corp, College Station, TX). Files were merged and converted to SPSS files using DBMS/Copy (Conceptual Software, Houston, TX). Statistical significance was defined as P < 0.05. Univariate analysis was performed with Chi-square testing for categorical variables (Fisher's exact test for violations of Cochran's assumptions) and Student's t-test (Mann-Whitney for nonnormal distributions) for continuous variables. Variables with P < 0.10 in univariate analysis for a relationship with TB, including race, age, gender, year of first dialysis session and additional variables from the medical evidence form (Table 1) were entered into multivariate analysis as covariates [14] .
Patient survival curves were calculated using KaplanMeier analysis with patients censored at time of loss to follow-up. Survival was calculated from the date of the first dialysis session until death, last follow-up visit, or loss to follow-up occurring after the first dialysis session. Covariates were as for univariate analysis. Stepwise Cox regression analysis was also performed for survival analysis, adjusting for age, race, gender, year of first dialysis and comorbidities in the Medical Evidence Form (2728). Both formal and graphical methods were used to assess the validity of the proportional hazards assumption over time.
Risk factors that were analysed included race, gender, age, unemployment, diabetes, alcoholism, illicit drug use, smoking, cancer diagnosis, systemic lupus erythematosus, diabetes, unemployment, erythropoietin use prior to dialysis, Medicaid insurance, serum albumin level, haematocrit, body mass index (BMI), heart failure, inability to ambulate, ischaemic heart disease, peripheral vascular disease, chronic obstructive pulmonary disease, renal transplant and the year of first dialysis service.
Results
From 1 April 1995 to 31 December 1999, 366 738 patients started long-term dialysis. Of these, 272 024 were documented as having Medicare (81.7%) or Medicaid (18.3%) as primary payer at the time of the first dialysis session. Among these patients, 4340 dialysis patients were diagnosed with TB infection during this time period. Of these, 90% were haemodialysis patients and they represented 92.4% of the TB cases. Characteristics of the study population are shown in Table 1 . Two hundred and four cases of TB were found prior to the start of dialysis in this population and they are not included in this analysis. The incidence of TB in the study was 0.8% per year and the risk was constant over time ( Figure 1 ). Race and ethnicity showed a statistically significant difference with whites having the lowest rate of 5.3/1000 person years at risk (PYAR) and Asians and Hispanics having the highest rate of infection with 9.9/1000 PYAR. Both African American and Native Americans had the same rate of 9.6/1000 PYAR. The combined incidence rate of TB after the start of dialysis was 6.9/1000 PYAR.
Risk factors that proved to be independently statistically significant for TB infection included age (P < 0.001), haemodialysis (vs peritoneal dialysis, P ¼ 0.019), unemployment (P < 0.001), reduced BMI (P < 0.001), ischaemic heart disease (P ¼ 0.032), smoking history (P ¼ 0.010), illicit drug use (P ¼ 0.018), reduced serum albumin (P < 0.001), and African American (P ¼ 0.001) and Asian (P ¼ 0.002) race. A history of systemic lupus erythematosus (P ¼ 0.069) trended toward significance.
The results of the Cox regression are shown in Figure 2 . TB infection was independently associated with increased mortality as a time dependent variable, AHR 1.42 (95% CI 1.18-1.70, P < 0.001); however, there were no mortality differences by race and ethnicity ( Figure 2 ).
Discussion
Endemic exposure is likely to be the most important risk factor for the development of TB outside the United States. In the United States, both health care workers in dialysis units as well as other patients in the dialysis units have been implicated in the spread of TB infection [15] . In this population, there is a 10% increased risk of TB within the haemodialysis subgroup. It is likely that the proximity of the patients to each other during frequent contacts, suboptimal isolation and screening limited to tuberculin skin test (TST) and chest X-ray (CXR) contribute to this risk.
Ten factors were identified as associated with increased risk of TB infection. Whether the risk factor contributes to or is a result of the infection cannot be determined through a review of the registry. Specifically, employment status and serum albumin were recorded at the start of dialysis therapy and thus most likely preceded actual infection, although we cannot exclude the possibility that patients had a brewing infection that was not recognized prior to starting dialysis. This is particularly the case since Values are given as raw numbers and percentage for categorical variables, or mean AE SD for continuous variables. *P < 0.05 by Chi-square. **P < 0.05 by Student's t-test. Variables used in logistic regression analysis are specified in the 'Methods' section. NA ¼ could not be determined. a Denominator used is 272 024 patients unless otherwise noted.
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prior to starting dialysis many patients receive only infrequent medical care, while after starting dialysis, they undergo greater surveillance. Given the limits of the registry, this is the most specific estimate of the true incidence of TB in the US dialysis population. Estimates of prevalence and conversion would likely be improved if the recommended two-step TST [16] were used prior to the start of dialysis. The clinical presentation of the TB infection was not attainable through the registry. Another limitation of the registry is the availability of Medicare hospitalization and claims data. Deathregistry data is available till 2001, but claims data is only available till 2000, thus the two study end points.
HIV status was only recorded in 16% of the charts and was therefore not included in the major analysis. Among those patients with HIV infection documented, only 4.6% (80) developed TB infection and it was not a significant factor in adjusted analysis.
The findings of this study with relation to risk factors can be used to develop counselling specific for populations beginning dialysis and help to target TB testing in the populations at risk. Risk factors deemed modifiable should be addressed prior to the start of dialysis. Illicit drug use and smoking should be addressed in all patient populations but should be highlighted as a risk factor for TB. As a continuous variable BMI was significant, when analysed independently the lowest quartile of BMI was a significant risk factor for incident TB infection. This likely represents confounding by poor nutrition, consistent with the association of low serum albumin with risk for TB. Low haematocrit should be addressed but the use of erythropoietin prior to dialysis was not a risk factor for TB (P ¼ 0.639). Erythropoetin use was implemented as a surrogate for pre-ESRD care as well as a factor for nosocomial exposure since patients have to attend hospital for erythropoietin injections in order for Medicare or Medicaid to reimburse. One can speculate why unemployment and Medicaid as an insurer are independent risk factors, as socioeconomic factors have been associated with an increased risk of TB [17] , however, the USRDS database does not have data that could help clarify such issues. Analysis of the data reported from the ESRD Network regions to the USRDS for TB cases showed that ESRD Networks 8 and 6 accounted for 36% of the TB cases, in contrast to ESRD Network 16 that had the lowest (0.62%) cases of TB (Table 2) .
In those patients affected by ischaemic heart disease (IHD) when dialysis is started, it is a non-modifiable factor. However, for patients with disease states that lead to ESRD, a careful history of risk factors for IHD should be taken and measures to control the IHD should be implemented.
Non-modifiable factors include age, race and ethnicity. Advanced age is known to be associated with decreased delayed type hypersensitivity (DTH) responsiveness [18, 19] which may mask the presence of LTBI by current testing. A new study by Pawelec et al. [20] reviews the difficulty in interpreting immune function data in the elderly and targets the T-cell as a marker of immunosenescence. Patients starting dialysis after the age of 65 years were at the highest risk.
Race may represent genetic variability in susceptibility to TB infection or may serve as a marker of the rate of early endemic exposure. Race and ethnicity may reflect the socioeconomic status; they may also serve as markers in the disparity of health-care distribution that is beyond the scope of this article.
More specific tests are being developed to detect latent TB infection. Among the anergic population, there is currently no test clinically available. Sester et al. [21] recently reported on in vitro testing for LTBI with particular attention to early secretory antigenic target-6 (ESAT-6). ESAT-6 is a protein specific to M. tuberculosis. With this protein it is possible to distinguish LTBI from reactivity to Mycobacterium bovis strains that were used in the formulation of bacillus Calmette-Guerin (BCG) vaccine in those who were vaccinated. This test requires a blood sample and flow cytometric analysis but may prove to be a costeffective alternative in high risk populations such as the haemodialysis and renal transplant populations due to the morbidity and mortality associated with active TB infection. The accurate identification of dialysis patients with TB goes beyond the importance of identifying and treating this disease in a setting of dialysis. Many dialysis patients are listed for transplant, and currently evaluation of potential kidney transplant recipients relies on history, physical and skin testing (with no anergy control). Chest X-ray screening is not universal. TB can certainly worsen in the face of aggressive immunosuppression which is routinely used after kidney transplantation. Analysis of the USRDS has previously shown the risk factors and poor prognosis of hospitalized TB infection after kidney transplantation [22] . Better methods for identifying TB infection, especially among potential kidney transplant recipients, are therefore needed.
In summary, TB infection among US chronic dialysis patients, while lower than reported among other dialysis populations in the world, is not infrequent and associated with an increased risk of death. The frailest dialysis patients (the oldest, those with poor nutrition, and most comorbid conditions) are at the greatest risk of contracting TB. The incidence rate of 0.8% per year raises the possibility of nosocomial spread of TB. Racial groups at high risk of TB in the general population (Blacks, Hispanics, Native Americans, Asians) are also at high risk on dialysis. Finally, accurate identification of TB infection among potential kidney transplant patients is critical to avoid the morbidity and mortality associated with TB infection after kidney transplantation.
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